A lzheimer's and Parkinson's diseases are associated with the formation in the brain of amyloid fibrils from ȋ-amyloid and Ȋ-synuclein proteins, respectively. It is likely that oligomeric fibrillization intermediates (protofibrils), rather than the fibrils themselves, are pathogenic, but the mechanism by which they cause neuronal death remains a mystery. We show here that mutant amyloid proteins associated with familial Alzheimer's and Parkinson's diseases form morphologically indistinguishable annular protofibrils that resemble a class of pore-forming bacterial toxins, suggesting that inappropriate membrane permeabilization might be the cause of cell dysfunction and even cell death in amyloid diseases.
The possibility that a molecular species other than the amyloid fibril could be pathogenic arose when oligomeric species rich in ȋ-sheet structure (protofibrils) were found to be discrete intermediates in the fibrillization of ȋ-amyloid (Aȋ) and of Ȋ-synuclein in vitro 1, 2 . An intermediate protofibril might therefore be pathogenic and be 'detoxified' by conversion to a fibril, as suggested by three general observations: there is no correlation between the quantity of fibrillar deposits at autopsy and the clinical severity of Alzheimer's or Parkinson's disease; transgenic mouse models of these conditions have disease-like phenotypes before fibrillar deposits can be detected 1, 2 ; and non-fibrillar Aȋ oligomers are toxic in cell culture 3, 4 and have activity in vivo 5 . Toxic protofibrils have been implicated in other neurodegenerative diseases as well as in systemic amyloidoses such as type II diabetes (in which the amyloid protein is IAPP) 6 and familial amyloidotic polyneuropathy (in which it is transthyretin) 7 . Strikingly, protofibrils comprising proteins that are not associated with any disease are also toxic, suggesting that toxicity might arise from a shared structural feature of these intermediates 8 .
The pathogenic-protofibril hypothesis is supported by biophysical studies of variants of Aȋ and Ȋ-synuclein linked to autosomaldominant forms of Alzheimer's and Parkinson's diseases, respectively. The 'Arctic' mutation in amyloid-precursor protein, unlike all other mutations associated with Alzheimer's disease, reduces the total concentration of circulating Aȋ, but mutant Aȋ ARC forms protofibrils in vitro more rapidly and to a greater extent than the wild-type form 9 . The A30P and A53T Ȋ-synuclein mutations associated with Parkinson's disease (in which an alanine residue is replaced by phenylalanine at position 30 or by threonine at position 53, respectively) both promote protofibril formation in vitro relative to wild-type Ȋ-synuclein 2 . We examined the structural properties of A30P, A53T and Aȋ ARC protofibrils for shared structural features that might be related to their toxicity.
Heterogeneous populations of A30P, A53T and Aȋ ARC protofibrils were fractionated by gel-filtration chromatography (H.A.L. et al., unpublished results). The fraction with the smallest A30P and A53T protofibrils contained ȋ-sheet-rich (as measured by circular dichroism) oligomers comprising 20-25 Ȋ-synuclein molecules (relative molecular mass, 320K-380K; 22-26 monomers; H.A.L. et al., unpublished results). Analysis of this fraction by electron microscopy revealed annular species (diameter 8-12 nm; inner diameter 2.0-2.5 nm) and coiled species, both of which seemed to be related to the spherical and chain-like species reported earlier 2 . Protofibrillar Aȋ ARC , fractionated by a similar method, contained many annular species of similar appearance ( Fig. 1) , diameter (7-10 nm; inner diameter 1.5-2.0 nm) and relative molecular mass (150K-250K, 40-60 Aȋ ARC molecules).
The pore-like morphology of a subpopulation of amyloid protofibrils might explain the pore activity of Ȋ-synuclein protofibrils in vesicle-permeabilization models 10 12 and IAPP 6, 12 , also have pore-like activity in vitro. The small annular Aȋ and Ȋ-synuclein protofibrils ( Fig. 1 ) resemble the cytolytic ȋ-barrel pore-forming toxins from bacteria such as Clostridium perfringens 13 . As expected, amyloid pores are formed much less efficiently than bacterial pores, which during the course of evolution have optimized their ability to puncture host membranes. However, amyloid pores might be wholly or partly responsible for the cytotoxicity associated with the formation of amyloid fibrils in Alzheimer's and Parkinson's diseases and in other age-associated degenerative amyloid diseases. 1 claim that there has been a net cooling of the entire continent between 1966 and 2000, particularly during summer and autumn. We argue that this result has arisen because of an inappropriate extrapolation of station data across large, data-sparse areas of the Antarctic.
The Antarctic-wide analysis made use of the University of East Anglia HadCRUT o S) to have a radius of influence of roughly 25% of the maximum width of the image, which we believe is too large, considering the highly localized nature of the factors that influence the climate at many of the stations. We suggest that the interpolation has given too much weight to grid boxes in data-sparse regions, resulting in a misleading representation of cooling over the continent, which is not supported by in situ or remote-sensing data.
Doran and colleagues' Fig. 2 shows annual and seasonal temperature trends for 1966-2000, with the largest cooling occurring in autumn over an area from the southern Weddell Sea to the South Pole. There is also pronounced cooling in spring and in annual trends. However, their Fig. 2 does not show the marked warming on the western side of the Antarctic Peninsula, which is greatest during winter Trends in the ice-skin temperature based on remote-sensing data have been examined 4 for 1979-98. The greatest cooling was found over the high plateau of east Antarctica, with some cooling over west Antarctica, but with warming over the area from the southern Weddell Sea towards the South Pole. Another study 5 examined temperature trends across west Antarctica using automatic weather-station observations and satellite passive microwave measurements: the only statistically significant trend found at the 95% level was an increase of 2 ᑻC at Siple (75.9ᑻ S, 84.2ᑻ W) over the period 1979-97.
Attempting to derive a temperature trend for the entire Antarctic continent is almost meaningless, as huge areas are devoid of long-term, in situ climate measurements. At present, the trends from the various stations present a spatially complex picture of change across the continent during recent decades and do not indicate any consistent warming or cooling. First, weighting by inverse-fourth-power of separation distance in our analysis effectively eliminates contributions near to the 2,284-km radius of influence if other stations are closer. Only between the Antarctic Peninsula and the Ross Sea does the gap between points approach the radius of influence. Second, the trend maps in our Fig. 2 have features that are finer than the quarter-image radius of influence, indicating that that local data prevail in our analysis. Third, the interpolated fields are consistent with the summaries for 1976-2000 in Fig. 2 .10 of the recent IPCC WG-I report 1 and with trends based on a different data set 2 for 1965-1999, an interval that was chosen because it was one of global warming. A recent depiction 3 of combined summer and autumn Antarctic surface-temperature trends from 1969 to 2000 is similar to ours, although our data suggest that cooling is more pronounced during autumn periods than in summer.
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The key question that arises is this: is our interpolation better than arithmetic averaging? We contend that, although the interpolations involve uncertainty, they highlight the fact that a full assessment of Antarctic temperature trends requires more than the averaging schemes that have so far been used to imply that Antarctica has been warming at a rate that is faster than the global average 4, 5 . In estimates of hemispheric anomalies or trends (for example, see the IPCC's Figure 2.7; ref. 1) , regions that are devoid of data are effectively assigned anomalies (or trends) that are equal to the hemispheric means of anomalies (or trends) for areas for which data exist. This type of assignment ignores information from even nearestneighbour grid cells. We maintain that our approach represents an improvement over arithmetic means of station values or grid cells, provided that the nature of the interpolation procedure is clearly stated.
Only by interpolation can one hope to determine the area fraction and spatial pattern of continental warming or cooling, regardless of the magnitudes of such trends -which are irrelevant to our conclusions. As Antarctic trends obviously vary spatially, seasonally and interdecadally, interpolation will ultimately be required to optimize the information contained in historical data.
brief communications is intended to provide a forum for both brief, topical reports of general scientific interest and technical discussion of recently published material of particular interest to non-specialist readers. Priority will be given to contributions that have fewer than 500 words, 10 references and only one figure. Detailed guidelines are available on Nature's website (www.nature.com/nature) or on request from nature@nature.com
